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CHAPTER 



22 



Alpha Substitutions 
and Condensations of 
Enols and Enolate Ions 



22-1 

Introduction 



Up to now, we have studied two of the main types of carbonyl re 
ophilic addition and nucleophilic acyl substitution. In these reactions, the ct 
group serves as an electmphile by accepting electrons from an attacking M 
ophile. In this chapter, we consider two more types of reactions: substitnf* 
the carbon atom next lo the carbonyl group (called alpha substitution) ana ear- 
bonyl condensations. Alpha (a) substitutions involve the replacement of a hy- 
drogen atom at the a carbon atom (the carbon next to the carbonyl) by some other 
group. Alpha substitution generally takes place when the carbonyl compound is 
converted to its enolate ion or enol tautomer. Both of these have lost a hydrogen 
atom at the alpha position, and both are nucleophilic. Attack on an electroplule 
completes the substitution. 




Carbonyl condensations are alpha substitutions where the electrophile is 
another carbonyl compound. From the electrophile's point of view, the conden- 
sation is either a nucleophilic addition or a nucleophilic acyl substitution. Witt 
ketones and aldehydes, protonation of the alkoxide gives the product of nucle- 
ophilic addition. With esters, lews of alkoxide gives the product of nucleopKlie 
acyl substitution. 

Condensation: Addition to ketones and aldehydes 

?.cJn ? ;<0 \}< 



22-2 EnolS and Enolate Ions 



Condensatie 



l- Substitution with esters 



:— + Rcr 



enolate ester 
| Alphnsubsntutionsandcondensa^ 
most common methods for forming ^bon-carbon bonds A wide JJ^~ 
"olds can participate as nucleophiles or eighties (or both) , in then >™»«* 

^considering the structure and formation of enols and enolate ions. 



jns: nucle- 
ic carbonyl 
dng nucle- 
stitution at 
a) and car- 
at of a hy- 
some other 
impound is 
a hydrogen 
jlectrophlle 



ctrophile is 
the conden- 
ution.With 
ctofiiucle- 
lucleopbiUc 
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M-2A Keto-EnolTautdmerism _ , . 

giving a vinyl alcohol, the enol form. 
Base-catatyzed keto-enol tautomerism 



\_p0B - 



In this way, base catalyzes an equmunui.. ----- f 

forms of a carbonyl compound For simple ^^J^SSi^ 
predominates. Therefore, a vinyl alcohol (an enol) is best desenbea as an "y. 
loWericform of a ketone or aldehyde. In Section 9-9, we saw that 
S!formed by hydrolysis of an alkyne. quickly isomcwes to its keto form. 



09.98%) 



cool form 
(0.02%) 



II 

H— C- 



ketofbnn 
(99.90%) 



r 

H~C=CH 2 



(0.10%) 



this type of isomerization, occurring by the migration of a proton and the 
movement crfa double bond, is called toutomerism, and ^v**^** 
convert are called tautomew. Don't confuse tautomers with resonance forms. 

ferently. Under the right circumstances, w.th no c ^P^"SeSto 
elections are delocalized, 
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aerism is also catalyzed by acid. In acid, a protonis moved 



from the a carbon to oxygen by first protonating oxygen and then removing a pro- 
ton from carbon. 

Aridrcatafyzriketo-enoltammrism 




PROBLEM-SOLVING HINT 

In add, proton transfers Ufirally 
occur by adding a proton In the 
new position, than deproto- 
rating the old position; In base, 
by deprotonatlng the old posi- 
tion, then reprotonadng at the 



+ H,0* 



Compare the base-catalyzed and acid-catalyzed mechanisms shown above for 
keto-enol tautomerism. In base, the proton is removed from carbon, then replaced 
on oxygen. In acid, oxygen is protonated first, then carbon is deprotonated. Most 
proton-transfer mechanisms work this way. In base, the proton is removed from the 
old location, then replaced at the new location. In acid, protonation occurs at the 
new location, followed by deprotonation at the old location. 

In addition to its mechanistic importance, keto-enol tautomerism affects the 
stereochemistry of ketones and aldehydes. A hydrogen atom on an a carbon may be 
lost and regained through keto-enol tautomerism; such a hydrogen is said to be eno- 
h'zable. If a chiral carbon has an enolizable hydrogen atom, a trace of acid or base 
allows that carbon to invert its configuration, with the enol serving as the interme- 
diate. A racemic mixture (or an equilibrium mixture of diastereomcrs) is the resulL 



CH 3 



\X-a carbo 



x carbons 
(R) configuration 

PROBLEM 22-1 

Phenylacetone can form two different enols. 

(a) Show the structures of these enols. 

(b) Predict which enol will be present in the larger concentration at equilibrium. 

(c) Give mechanisms for the formation of the two enols in acid and in base. 

PROBLEM 22-2 

Show each step in the mechanism of the acid-catalyzed interconveision of (R)- and (S> 
2-methylcyclohexanone. 

PROBLEM 22-3 

Whencis-2,4-dii 
NaOH, 



» dissolved in aqueous ethanol containing a traceoj 
Giveai 



22-2B Formation and Stability of Enolate Ions 

A carbonyl group dramatically increases the acidity of the protons on the a^t 
bon atom because most of the enolate ion's negative charge resides on the eh? 
tronegative oxygen atom. The pK, for removal of an a proton from a typical ketp^ 



▼ 



« aldehyde is about 20, showing that a typical ketone or aldehyde is much more 
Sidle man an alkane or an alkene < P JC a > 40). or even an alkyne pK, =* 25). Still, 
Ivetone or aldehyde is less acidic than water <pK e - 15.7) or an alcohol (?K a = 16 
* 19) When a simple ketone or aldehyde is treated with hydroxide ion or an 
jjeoxide ion, the equilibrium mixture contains only a small fraction of the depre- 
cated, enolate form. ' 




itotheleft) 

Even though the equilibrium concentration of the enolate ion may be small, it 
serves as a useful, reactive nucleophile. When an enolate reacts with an electrophile 
(other than a proton), the enolate concentration decreases, and the equilibrium shifts 
to the right (Fig. 22-1). Eventually, all the carbonyl compound reacts via a low con- 
centration of the enolate ion. 




R— C— CH 2 — « 



-4 Figure 22-1 

Reaction of the enolate ion 



PROBLEM 22-4 

Give the important resonance forms for the enolate 
(a) acetone (b) cyclopentanone (c) 



Sometimes this equilibrium mixture of enolate and base won't work, usually be- 
cause the base (hydroxide or alkoxide) reacts with the electrophile faster than the eno- 
late does. In these cases, we need a base that reacts completely to convert the carbonyl 
compound to its enolate before adding the elecrophOe. Although sodium hydroxide 
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and alkoxides are not sufficiently basic, powerful bases are available to convert a car- 
bonyl compound completely to its enolate. The most effectrve and useful base for fta 
™rrWis& 

is made by using an altyllithium reagent to deprotonate dusopropylamine. 



CH 3 — CH .. 
CH3 — CH 
CH, 



QH,Li 



ch 3 — qr, 

CH 3 - 



liuflum mopapy\maie (UDA) 

Diisopropylamine has a ptf. of about 40, showing that it is much fewaddi c Ami » 
typical ketone or aldehyde. By virtue of its two isopropyl groups, LDA is a bulky 
reagent; it does not easily attack a carbon atom or add to a carbonyl group. Thus it 
is a powerful base, but not B strong nucleophile. When LDA reacts with a ketone, it 
abstracts the a proton to form the lithium salt of the enolate. We will see that these 
lithium enolate salts are very useful in synthesis. 

0- + Li 



? T 

-c— c— + 



(equilibrium lies to the right) 



(pJf.-18) 



LDA 



of cyelohexanone 
(10096) 



22-3 22-3A Base-Promoted « Halogenation 
Alpha Halogenation When a ketone is treated with a halogen and base, an a-halogenation reaction occurs. 

of Ketones p h 

/ -U- ■ 



+ HP 



(Xj-CLj.Br,, or y 



|^J^I nrj^Xo* C^^ 1 + 




